Industries. Ltd., Japan). Samples were prepared through vacuum deposition using a structure ITO/HTM (about 1 μm)/Al (150 nm) having an active area of 3 mm × 10 mm. Solar cell fabrication: Fluorine doped tin oxide (FTO) glass was etched with zinc powder and diluted HCl solution, the etched substrates were cleaned by ultrasonication using decon-soap solution, deionized water and ethanol, followed by O 3 /UV treatment. The compact TiO 2 underlayer (30 nm) was deposited by aerosol spray pyrolysis on the FTO surface. Mesoporous TiO 2 film was spin-coated onto the compact TiO 2 under-layer and sintered at 500 °C for 30 min. A CH 3 NH 3 PbI 3 nanocrystals were deposited on the mesoporous TiO 2 film via spin coating with a mixture of CH 3 NH 3 I and PbI 2 in a γ-butyrolactone solution. Then the nanocrystalline CH 3 NH 3 PbI 3 layer was heated to 100 °C for 30 min. 2TPA-2-DP was dissolved in chlorobenzene and spincoated onto the perovskite film at 4000 rpm for 30 s. Finally, an Au cathode layer (100 nm) was deposited by thermal evaporation.
Synthesis Preparation of the small-molecular hole transporting materials with a linear -conjugated structure
The synthetic route for the HTMs is shown in Scheme 1. 
Synthesis of Horner regent BDPB
[4'-(diethoxy-phosphorylmethyl)-biphenyl-4-ylmethyl]-phosphonic acid diethyl ester (BDPB) was synthesized by Arbuzov-Michale reaction using corresponding aromatic chloride and triethylphosphite. 1 4,4'-Bis-chloromethyl-diphenyl (5.00 g, 1 mmol) and triethyl phosphite (36.00 mL, 10 mmol) were refluxed for 5h under N 2 atmosphere. After petroleum ether was added to the mixture, the crude compound was precipitated. The crude product was collected by filtration and purification by recrystallization to afford pure Horner regent as white solid. Yield 93.3 %. 1 
Synthesis of aromatic alkenes 2a-2c
The aromatic alkenes 2a-2c were synthesized by the method of Wittig reaction using aldehydes 1a, 3a, 3b and Wittig regent by the following procedure. 2 Methyl triphenyl phosphonium bromide (5.36 g, 15 mmol) and 15 mL of dry THF were added into a round-bottom flask. A solution of t-BuOK (2M in THF, 15 mL, 30 mmol) was added drop-wise slowly and the mixture was stirred for 1 h at 0 ºC to perform a slightly yellow liquid. A solution of 1a (1.50 g, 5 mmol) was added and the reaction mixture was stirred at room temperature. Until reaction finished (TLC monitoring), the mixture was extracted with ethyl acetate. The organic layer was washed with distill water and dried over MgSO 4 . After evaporation of solvent, the crude product 2a was obtained.
2a was purified by column chromatography using the mixture of ethyl acetate and petroleum ether in a volume ratio of 1:50 as an eluent. White solid; yield: 86.5 %. 1 
Synthesis of aromatic aldehydes 3a-3c
The aromatic aldehydes 3a-3c were prepared via Vilsmeier reaction from 2a-2c by following procedure. 3 POCl 3 (5.06 g, 33 mmol) was added to DMF (2.92 g, 40 mmol) at 0 ºC under N 2 atmosphere. The solution of 2a (1M in DMF, 10 mL, 10 mmol) was added drop-wise to the obtained complex. The reaction mixture was stirred at room temperature. Until the reaction finished (TLC monitoring), the mixture was poured into the ice water and neutralized with sodium hydroxide to pH 7, followed by extraction with dichloromethane. The organic layer was washed with distill water and dried over MgSO 4 . After evaporation of solvent, the crude product 3a was obtained.
3a was purified by column chromatography using the mixture of ethyl acetate and petroleum ether in a volume ratio of 1:50 as an eluent. Yellow solid; yield: 95.9 %. 1 1310, 1273, 1146, 1115(C-N) , 990 (trans C=C). Synthesis of 2TPA-n-DP TPA derivatives were synthesized by Horner-Wadsworth-Emmons condensation of BDPB and corresponding aldehydes 3a-3c. A solution of 4.82 g (9.6 mmol) BDPB and 3.64 g (19.2 mmol) of aldehyde 3a in THF (40 mL) was stirred under N 2 condition. A solution of t-BuOK (1.92M in THF, 20 mL, 38.4 mmol) was added drop-wise slowly at 0 ºC. Then the mixture was stirred at room temperature until the reaction finished (TLC monitoring). After methanol (50 mL) was added to the mixture, the precipitate was filtered and washed with methanol to afford crude product.
2TPA-2-DP was purified by recrystallization with the solution of methanol/THF. Yellow power; yield: 87.5 %. 1 6.96 (dd, J=20.7, 9 .0 Hz, 6H), 6.79 (dd, J=15.5, 9.3 Hz, 2H), 8H) 
Fig. S4
DSC and TGA thermograms of 2TPA-n-DP (n=2, 3, 4) under N 2 at the heating rate of 10 °C /min.
